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(57) ABSTRACT 

In a semiconductor device having high voltage resistance 
and loW ON voltage characteristics, charge-storage regions 
(insulation layer) are formed in a drift region. Formed above 
the drift region are a channel region, an emitter region, 
trench-type gate electrodes, and an emitter electrode. Strips 
of the insulation layer extend in a direction intersecting a 
direction of extension of the gate electrodes, and form a 
stripe pattern. The insulation layer curbs extraction of holes 
into the channel region. Openings in the stripe pattern of the 
insulation layer form depletion layers. 

14 Claims, 7 Drawing Sheets 
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SEMICONDUCTOR DEVICE AND PROCESS 
FOR PRODUCING THE DEVICE 

The disclosure of Japanese Patent Application No. HEI 
11-187880 ?led on Jul. 1, 1999 including the speci?cation, 
drawings and abstract is incorporated herein by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor device 

and, more particularly, to a semiconductor device having the 
characteristics of high voltage resistance and loW ON volt 
age. The present invention also relates to a process for 
producing such a device , the manufacturing process pro 
viding a high yield and being simpler than knoW manufac 
turing processes. 

2. Description of the Related Art 
In semiconductor devices, such as IGBTs (insulated gate 

bipolar transistors) and the like, it is necessary to improve 
the breakdoWn resistance by extracting many holes from a 
p-channel region into an emitter electrode. HoWever, simul 
taneously With the extraction of holes from the p-channel 
region, holes are also extracted from an n-drift region 
adjacent to the p-channel region, thereby causing a problem 
of an increased ON voltage. 

To avoid this problem, a device structure in Which insu 
lation layers are provided betWeen trench gates arranged 
With a predetermined pitch has been proposed (e.g., in 
Japanese Patent Application Laid-Open No. HEI 9-331063). 
When the semiconductor is in an OFF state, the insulation 
layers operate as capacitors so as to improve the breakdoWn 
voltage, and When the semiconductor is in an ON state, the 
insulation layers prevent holes from being draWn into 
p-channel regions and reduce the saturation voltage so as to 
reduce the ON voltage. The insulation layers are formed by 
silicon oxide ?lms or the like, and extend in a direction of 
extension of trench gates, and have a reduced thickness of 
about 0.3 pm. This con?guration of the insulation layers is 
considered to improve the breakdoWn voltage. 

HoWever, in the above-described device structure, the 
insulation layers are formed at a position that is shalloWer 
than the position of the bottoms of the trench gates, in vieW 
of the saturation voltage. Furthermore, the insulation layers 
are disposed so that the distance betWeen the insulation 
layers and the trench gates become equal to a predetermined 
value. Therefore, the folloWing problem occurs. If a mis 
alignment occurs betWeen the trench gates and the insulation 
layers so that the distance therebetWeen changes, the device 
or element characteristics are greatly affected. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide an 
improved structural arrangement for a semiconductor device 
that has the characteristics of high voltage resistance and 
loW ON voltage. 
An insulated gate type semiconductor device according to 

the invention includes a gate electrode, a drift region of a 
?rst conductivity type, a channel region of a second con 
ductivity type, and a plurality of charge-storage regions 
formed near an interface betWeen the drift region and the 
channel region. The charge-storage regions continuously 
extend in a direction intersecting a direction of extension of 
the gate electrode. 

This structure achieves improved characteristics due to 
the charge-storage regions (insulation layer or the like) and, 
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2 
furthermore, has a characteristic con?guration of the charge 
storage regions. That is, the invention does not incorporate 
a charge-storage region that is formed as a single body 
(continuous body) extending parallel to a direction of exten 
sion of the insulated gate, but incorporates a plurality of 
charge-storage regions that extend in a direction intersecting 
the direction of extension of the gate. The charge-storage 
regions form a stripe pattern, leaving intervals (opening 
regions) betWeen the charge-storage regions. The opening 
regions of the stripe pattern of the charge-storage regions 
function as channels. Therefore, the element characteristics 
(that is, voltage resistance or ON voltage) can be determined 
by the proportion of the opening regions in the stripe pattern. 
As a result, the characteristics are not determined depend 

ing on the alignment With the insulated gate, and can easily 
be set. The charge-storage regions may have a length that 
extends substantially across an element cell. This structure 
also achieves uniform element characteristics regardless of 
the alignment With the insulated gate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and further objects, features and advan 
tages of the present invention Will become apparent from the 
folloWing description of preferred embodiments With refer 
ence to the accompanying draWings, Wherein like numerals 
are used to represent like elements and Wherein: 

FIG. 1 is a longitudinal sectional vieW of a semiconductor 
device according to a ?rst embodiment of the invention; 

FIG. 2 is a sectional vieW taken on line II—II in FIG. 1; 

FIG. 3 is a sectional vieW taken on line III—III in FIG. 1; 

FIGS. 4A—4H illustrate a method of fabricating the semi 
conductor device shoWn in FIG. 1; 

FIG. 5 is a longitudinal sectional vieW of a semiconductor 
device according to a second embodiment of the invention; 

FIG. 6 is a sectional vieW taken on line VI—VI in FIG. 

5; 
FIG. 7 is a longitudinal sectional vieW of a semiconductor 

device according to a third embodiment of the invention; 
FIG. 8 is a sectional vieW taken on line VIII—VIII in FIG. 

7; 
FIG. 9 is a longitudinal sectional vieW of a semiconductor 

device according to a fourth embodiment of the invention; 
FIG. 10 is a longitudinal sectional vieW of a semiconduc 

tor device according to a ?fth embodiment of the invention; 
and 

FIG. 11 is a longitudinal sectional vieW of a semiconduc 
tor device according to a sixth embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Preferred embodiments of the invention Will be described 
in detail hereinafter With reference to the accompanying 
draWings. 

FIG. 1 is a longitudinal sectional vieW of an IGBT 
according to a ?rst embodiment of the invention. FIGS. 2 
and 3 are sections taken on lines II—II and III—III in FIG. 
1. An n' drift region 12 is formed on a p+ type substrate 10, 
and a p-channel region 18 is formed on the n- drift region 
12. In the p-channel region 18, n+ emitter regions 24 are 
formed. Trench-type gate electrodes 22 are formed in such 
a manner as to sandWich the p-channel region 18 via gate 
oxide ?lms 20. The n+ emitter regions 24 are connected to 
an emitter electrode 28 that is insulated from the gate 
electrodes 22 by oxide ?lms 26. A collector electrode 30 is 
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connected to the opposite side (lower portion in FIG. 1) of 
the p+ type substrate 10. 

In this structure, an insulation layer 14 is formed as a 
charge-storage layer Within the n' drift region 12. As shoWn 
in FIG. 1, an insulation layer 14 is formed Within the n- drift 
region 12, at a position that is deeper than the position of the 
gate electrodes 22. As can be seen in FIG. 2, the strips of the 
insulation layer 14 extend in a direction (direction Z in FIG. 
2) that intersects a direction of extension of the gate elec 
trodes 22, and form a stripe pattern in the direction of 
extension of the gate electrodes 22. In regions betWeen the 
strips of the insulation layer 14, that is, in opening regions 
of the insulation layer 14, the n-drift region 12 exists. The 
strips of the insulation layer 14 are not necessarily formed by 
insulator members, such as silicone oxide ?lms or the like, 
but may also be formed from a semiconductor material 
having a high concentration of an n-type conductivity impu 
rity than n' drift region 12. The thickness of the insulation 
layer 14 may be at most about 30 pm. 

The provision of the insulation layer 14 as a charge 
storage region Within the n' drift region 12 considerably 
prevents extraction of holes from the n' drift region 12, and 
therefore reduces the ON voltage. Since the insulation layer 
14 is formed in a stripe pattern having opening regions, a 
depletion layer appears on the insulation layer 14 and 
extends through the opening regions of the insulation layer 
14 and reaches loWer portions of the insulation layer 14, so 
that the strength of an electric ?eld betWeen the p-channel 
region 18 and the insulation layer 14 is restricted Within a 
predetermined value and the voltage resistance can be 
improved. 

Furthermore, the strips of the insulation layer 14 do not 
extend in the direction of extension of the gate electrodes 22, 
but extend in a direction (direction Z in FIG. 2) intersecting 
the direction of extension of the gate electrodes 22, at a 
position deeper than the position of the gate electrodes 22, 
and form a stripe pattern. Therefore, device or element 
characteristics can be determined by dimension of the open 
ing regions of the insulation layer 14. Furthermore, since the 
requirement for considering the alignment betWeen the 
insulation layer 14 and the gate electrodes 22 disappears, the 
IGBT can easily be fabricated. 
Amethod for fabricating an IGBT as shoWn in FIGS. 1 to 

3 is schematically illustrated in FIGS. 4A—4H. 
First, an n- drift region 12 (loWer layer portion) is 

epitaxially groWn on a p+ type substrate (p+ collector region) 
10. Then, an insulation layer 14 (or n+ region) is formed in 
a stripe pattern Within the n- drift region 12 by a photoli 
thography process, an ion implantation process and a diffu 
sion process. After that, an n- drift region 12 (upper layer 
portion) is epitaxially groWn on top of the insulation layer 
14, thereby sandWiching the insulation layer 14. In this 
manner, the striped insulation layer 14 is formed Within the 
n' drift region 12 (see FIG. 4A). The precision of the 
opening regions of the striped insulation layer 14 is deter 
mined depending on the precision of a mask used in the 
photolithography process. 

Next, a p-channel region 18 and n+ emitter regions 24 are 
formed on a surface of the n' drift region 12 by a photoli 
thography process, an ion implantation process and a diffu 
sion process (see FIG. 4B). On top of it, an oxide ?lm 19 is 
formed (to a thickness of 400 nm as for example) by a CVD 
method (see FIG. 4C). The oxide ?lm 19 is then dry-etched 
by using a resist mask that is formed through a photolithog 
raphy process. After the resist is removed, the oxide ?lm 19 
is used as a mask to dry-etch about 6 pm so as to form a 
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4 
trench-structure. About 50 nm of each trench side Wall is 
oxidiZed by thermal oxidation, and oxidiZed portions are 
removed by hydro?uoric acid. Then, 50 nm of each trench 
side Wall is etched by chemical dry etching. After that, 
thermal oxidation is performed to form gate oxide ?lms 20 
of about 100 nm (see FIG. 4D). 

After that, the trenches are buried With polycrystalline 
silicon or the like by a CVD method, and boron is diffused 
thereinto to form p+ regions. The entire surface of each 
buried region is etched back by dry etching so that the upper 
end of each buried region comes approximately to a position 
corresponding to half the thickness of the oxide ?lm 19 (that 
is, the etching-back depth is approximately equal to half the 
thickness of the oxide ?lm 19), thereby forming gate elec 
trodes 22 (see FIG. 4E). Subsequently, a surface portion of 
each gate electrode 22 is oxidiZed by thermal oxidation to an 
amount of about 400 nm (that is, such an amount of 
oxidation that an upper end of each oxidiZed portion 
becomes substantially ?ush With the upper surface of the 
oxide ?lm 19), thereby forming an oxide ?lm 26 (see FIG. 
4F). 

After that, an opening is formed in the oxide ?lm 26 by 
a photolithographic process and dry etching (see FIG. 4G). 
Then, an emitter electrode 28 (Al, for example) is formed by 
using a sputtering method, and is formed into a desired 
con?guration by photolithography or etching. Furthermore, 
a collector electrode 30 (Ti/Ni/Au, for example) is formed 
by using a sputtering method (see FIG. 4H). 

Thus, the semiconductor device fabricating process illus 
trated in FIGS. 4A—4H) does not require mask alignment for 
the gate electrodes 22 and the insulation layer 14. Therefore, 
the semiconductor device shoWn in FIG. 1 can easily be 
fabricated by the above-described process. 

Although in the foregoing embodiment, the insulation 
layer 14 (or the n+ region) is formed Within the n' drift 
region 12, an insulation layer 14 may instead be formed in 
the p-channel region 18, at a site near the interface With the 
n' drift region 12 (including a site on the interface). 

FIGS. 5 and 6 illustrate a second embodiment of an IGBT 
according to the invention. An insulation layer 14 (or n+ 
region) as a charge-storage region is formed on the interface 
betWeen an n' drift region 12 and a p-channel region 18. 
FIG. 5 is a longitudinal sectional vieW of the IGBT. FIG. 6 
is a section taken on line VI—VI in FIG. 5. 

In the second embodiment, opposite ends of the insulation 
layer 14 reach gate oxide ?lms 20, and no channel is formed 
betWeen the insulation layer 14 and the gate oxide ?lms 20. 
The insulation layer 14 is formed at a position that is 
shalloWer than the position of the bottoms of trench-type 
gate electrodes 22. In the second embodiment, strips of the 
insulation layer 14 do not extend in a direction of extension 
of the gate electrodes 22, but extend in a direction inter 
secting the direction of extension of the gate electrodes 22, 
and the strips of the insulation layer 14 form a stripe pattern 
(see FIG. 6), as in the ?rst embodiment. In a structure Where 
a channel is formed betWeen the insulation layer 14 and the 
gate oxide ?lms 20, the conformity (mask alignment) 
betWeen the insulation layer 14 and the gate oxide ?lms 20 
becomes important. In the embodiment, hoWever, the open 
ing regions of the striped insulation layer 14 function as 
channel, and therefore the precision of the opening portions 
affects the device characteristics. Hence, since the effect of 
conformity or alignment betWeen the insulation layer 14 and 
the gate electrodes 22 is small, a semiconductor device 
(IGBT) can easily be fabricated. 

FIGS. 7 and 8 illustrate a third embodiment of the IGBT 
according to the invention. An insulation layer 14 (or n+ 
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region) is formed Within a p-channel region 18, in the 
vicinity of the interface With an n- drift region 12. FIG. 7 is 
a longitudinal sectional vieW of the IGBT. FIG. 8 is a 
sectional vieW taken on line VIII—VIII in FIG. 7. The 
relative position of the insulation layer 14 to gate electrodes 
22 is substantially the same as in the second embodiment. 
Therefore, in the IGBT fabricating process, the effect of 
conformity or alignment betWeen the insulation layer 14 and 
the gate electrodes 22 can be reduced. The purpose of 
providing the insulation layer 14(or n+ region) is to curb 
extraction of holes from the n' drift region 12 into the 
p-channel region 18. Therefore, it is desirable that the 
insulation layer 14 (or n+ region) be formed as close to the 
interface as possible. 

FIG. 9 illustrates a fourth embodiment of the IGBT 
according to the invention. The fourth embodiment shoWs 
hoW the principles of the invention can be applied to a 
planar-type IGBT in Which an emitter electrode 28 and a 
collector electrode 30 are formed on an equal layer. An 
n_-drift region 12 is formed on a p+ type substrate 10, and 
an insulation layer 14 (or n+ region) is formed as a charge 
storage region in the n- drift region 12. Trench-type gate 
electrodes 22 are formed With a predetermined pitch, and 
p-channel regions 18 and n+ emitter regions 24 are formed 
betWeen the gate electrodes 22, and are connected to an 
emitter electrode 28. Ap+ collector region 23 is formed to a 
depth substantially equal to the depth of the n+ emitter 
regions 24, and is connected to a collector electrode 30. The 
emitter electrode 28 and the collector electrode 30 are 
insulated from each other by an oxide ?lm 26. 

In the fourth embodiment, too, strips of the insulation 
layer 14 extend in a direction intersecting a direction of 
extension of the gate electrodes 22, and form a stripe pattern. 
The insulation layer 14 is able to curb extraction of holes 
into the p-channel region 18. 

Although in the foregoing embodiments, the strips of the 
insulation layer 14 (or n+ region) extend in the direction 
(direction “Z” in FIG. 2) intersecting the direction of exten 
sion of the gate electrodes 22, and form a stripe pattern, the 
direction Z does not need to be perpendicular to the direction 
of extension of the gate electrodes 22, but only needs to be 
unparallel to the direction of extension of the gate electrodes 
22. Therefore, the invention permits increased variation of 
the fabrication process of semiconductor devices. 

FIG. 10 illustrates a ?fth embodiment of the IGBT 
according to the invention. An n_-drift region 12 is formed 
on a p+ type substrate 10, and p-channel regions 18 are 
formed on the n' drift region 12. In each p-channel region 
18, n+ emitter regions 24 are formed. Trench-type gate 
electrodes 22 are formed in such a manner as to sandWich 

the p-channel regions 18 via gate oxide ?lms 20. The n+ 
emitter regions 24 are connected to an emitter electrode 28. 
The emitter electrode 28 is insulated from the trench-type 
gate electrodes 22 by oxide ?lms 26. Acollector electrode 30 
is connected to an opposite side of the p+-substrate 10. An 
insulation layer 14 (or n+ region) is formed as a charge 
storage region Within the n' drift region 12. In the ?fth 
embodiment, the insulation layer 14 continuously extends 
along extension of the gate electrodes 22, that is, parallel to 
the direction of extension of the gate electrodes 22, and the 
insulation layer 14 is formed at a position that is beloW loWer 
ends of the gate electrodes 22. The length (Width) of the 
insulation layer 14 is set so that opposite end portions of the 
insulation layer 14 are located under gate electrodes 22. That 
is, the length of the insulation layer 14 is greater than an 
interval “d” of gate electrodes Within a transistor cell, and is 
set so that an end portion does not reach a region under the 
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6 
p-channel region 18 of an adjacent transistor cell. The length 
of the insulation layer 14 that satis?es the aforementioned 
conditions has alloWances. For example, the length of a left 
end portion of the insulation layer 14 in FIG. 10 has an 
alloWance of Ab leftWard in FIG. 10 (in a length-increasing 
direction), and has an alloWance of Ac rightWard in FIG. 10 
(in a length-decreasing direction). The presence of the 
insulation layer 14 substantially across a transistor cell 
makes it easy to achieve uniform characteristics in the 
transistor cell even if the positional relationship betWeen the 
gate electrodes 22 and the insulation layer 14 deviates to 
some extent at the time of formation of the insulation layer 
14. In this embodiment, the provision of the insulation layer 
14 improves voltage resistance and reduces the ON voltage 
as in the foregoing embodiments. 
Even though the insulation layer 14 is formed at a position 

that is deeper than the loWer ends of the gate electrodes 22, 
the saturation voltage does not considerably increase. 
Furthermore, uniform characteristics can be achieved 
regardless of fabrication condition (more precisely, align 
ment precision). 

Although in FIG. 10, the insulation layer 14 is formed so 
that the opposite ends of the insulation layer 14 are located 
under the tWo adjacent gate electrodes 22 of a transistor cell, 
the insulation layer 14 may be formed so as to extend astride 
tWo or more transistor cells. In that case, the characteristics 
of the tWo or more transistors can be uniformed (more 
speci?cally, current densities can be uniformed) by posi 
tioning opposite ends of the insulation layer 14 under gate 
electrodes 22. 

FIG. 11 illustrates a sixth embodiment of the IGBT 
according to the invention. In the sixth embodiment, the 
invention is applied to a planar-gate type IGBT. 

In the sixth embodiment, an n_-drift region 12 is formed 
on a p+ type substrate 10, and an insulation layer 14 (or n+ 
region) is formed Within the n' drift region 12. Formed on 
the n drift region 12 are p-base regions 44 in Which p+ base 
regions 40 and n+ emitter regions 42 are formed. Gate 
electrodes 22 are formed on gate oxide ?lms 41 that are 
formed on portions of the n- drift region 12 Where neither 
base regions nor emitter regions are existed. The n+ emitter 
regions 42 are connected to an emitter electrode 46 on Which 
a source electrode 48 is formed. The emitter electrode 46 is 
insulated from the gate electrodes 22 by insulation layers 19. 
Acollector electrode 50 is connected to the p+ type substrate 
10. 
As is apparent in FIG. 11, opposite ends of the insulation 

layer 14 are located under adjacent p+ base regions 40. That 
is, the insulation layer 14 has a length that extends substan 
tially across a transistor cell. Therefore, this embodiment 
also easily achieves uniform characteristics of the transistor 
cell. The “length that extends substantially across a transis 
tor cell” means that the length of the insulation layer 14 
extends substantially throughout the Width of the drift 
region. If a plurality of cells exist side by side, the insulation 
layer may be formed so as to extend substantially throughout 
the entire Width of the drift regions of the cells. 
The invention is also applicable to a semiconductor 

device in Which each layer (region) has the opposite con 
ductivity With respect to their conductivities described in the 
foregoing embodiments. 

Furthermore, it is also possible to further provide an n+ 
buffer layer betWeen the p+ type substrate 10 and the n' drift 
region 12 in, for example, a structure as shoWn in FIG. 1. 

Still further, the IGBT according to the invention has a 
great alloWance for conformity or alignment With respect to 
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the position of the insulation layer (or a region having a 
higher impurity concentration than the drift region). 
Therefore, although in the foregoing embodiments, each 
transistor cell has a rectangular shape, the shape of each cell 
may be arbitrary (for example, a circular shape, a polygonal 
shape, or other shapes). 

Although in the foregoing embodiments, the p+ type 
substrate and the n' drift region are formed from silicon, the 
material combination of p+ type substrate/n“ drift region 
may also be, for example, Ge/Si, SiGe/Si, Si/GaN, Si/GaAs, 
or Si/SiC. 

Furthermore, in the IGBTs shoWn in FIGS. 1 to 5, the 
balance betWeen the charge storage effect and the charge 
injection amount can be adjusted by changing the area of the 
opening regions of the insulation layer 14 provided as a 
charge storage region. Therefore, an optimal sWitching 
speed can be achieved by setting an area of the opening in 
accordance With the purpose of use of the device. In general, 
the sWitching speed can be increased by increasing the area 
of opening. In the invention, the device or element charac 
teristics can easily be adjusted to optimal values by forming 
the insulation layer 14 into a stripe pattern so as to have 
opening regions. 

Although in the foregoing embodiments, the insulation 
layer or a semiconductor region that has a higher impurity 
concentration than the drift region is used as a charge 
storage region, the charge-storage region may also be con 
sisted of a material that has Wider band gap than the material 
of the drift region. For example, if the drift region is formed 
from silicon, the charge-storage region may be formed from 
SiC, GaN, GaAs, or the like. If the drift region is formed 
from germanium, the charge-storage region may be formed 
from silicon, SiC, GaN, GaAs, or the like. 
As is apparent from the above-description, the invention 

is able to increase the voltage resistance and reduces the ON 
voltage, and is also able to provide a semiconductor device 
that is easy to fabricate and that has stable characteristics. 

While the present invention has been described With 
reference to What are presently considered to be preferred 
embodiments thereof, it is to be understood that the present 
invention is not limited to the disclosed embodiments or 
structures. On the contrary, the present invention is intended 
to cover various modi?cations and equivalent arrangements. 
In addition, While the various elements of the disclosed 
invention are shoWn in various combinations and 
con?gurations, Which are exemplary, other combinations 
and con?gurations, including more, less or only a single 
embodiment, are also Within the spirit and scope of the 
present invention. 
What is claimed is: 
1. An insulated gate type semiconductor device compris 

ing: 
a gate electrode; 
a drift region of a ?rst conductivity type; 
a channel region of a second conductivity type; 
an emitter region of the ?rst conductivity type formed in 

the channel region; 
a collector region of the second conductivity type formed 

as a substrate of the insulated gate type semiconductor 
device; and 

a plurality of charge-storage regions contacted With at 
least one of the drift region and the channel region, the 
charge-storage regions continuously extending in a 
direction intersecting a direction of extension of the 
gate electrode, 

Wherein the insulated gate type semiconductor device is 
an insulated gate bi-polar transistor. 
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2. A semiconductor device according to claim 1, Wherein 

the charge-storage regions are formed Within the channel 
region, in the vicinity of the interface With the drift region. 

3. A semiconductor device according to claim 1, Wherein 
the charge-storage regions are insulators. 

4. A semiconductor device according to claim 1, Wherein 
a concentration of an impurity of the ?rst conductivity type 
in the charge-storage regions is higher than in the drift 
region. 

5. A semiconductor device according to claim 1, Wherein 
the charge-storage regions comprises material having a 
Wider band gap than that of the drift region. 

6. An insulated gate type semiconductor device compris 
ing: 

a drift region of a ?rst conductivity type; 

an emitter region of the ?rst conductivity type formed in 
a channel region; 

a collector region of a second conductivity type formed as 
a substrate of the insulated gate type semiconductor 
device; and 

a charge-storage region formed in the drift region, the 
charge-storage region having a length that extends 
substantially across an element cell, 

Wherein the insulated gate type semiconductor device is 
an insulated gate bi-polar transistor. 

7. A semiconductor device according to claim 6, Wherein 
the charge-storage region is an insulator. 

8. A semiconductor device according to claim 6, Wherein 
a concentration of an impurity of the ?rst conductivity type 
in the charge-storage region is higher than in the drift region. 

9. A semiconductor device according to claim 6, Wherein 
the charge-storage region comprises a material having Wider 
band gap than that of the drift region. 

10. Aprocess for producing an insulated gate type semi 
conductor device comprising: 

forming a drift region having a ?rst conductivity type on 
a semiconductor substrate; 

forming a channel region having a second conductivity 
type on the drift region; 

forming an emitter region of the ?rst conductivity type in 
the channel region; 

forming a collector region of the second conductivity type 
as a substrate of the insulated gate type semiconductor 

device; 
forming a plurality of charge-storage regions Which con 

tact With at least one of the drift region and the channel 
region; and 

forming a gate electrode, Wherein the charge-storage 
regions continuously extend in a direction intersecting 
a direction of extension of the gate electrode, and 

the insulated gate type semiconductor device is an insu 
lated gate bi-polar transistor. 

11. Aprocess according to claim 10, Wherein the charge 
storage regions are formed Within the channel region, in the 
vicinity of the interface With the drift region. 

12. Aprocess according to claim 10, Wherein the charge 
storage regions are insulators. 

13. A process according to claim 10, Wherein a concen 
tration of an impurity of the ?rst conductivity type in the 
charge-storage regions is higher than in the drift region. 

14. Aprocess according to claim 10, Wherein the charge 
storage regions comprise material having a Wider band gap 
than that of the drift region. 

* * * * * 


